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1
METHOD FOR BONDING A WIRE
CONDUCTOR LAID ON A SUBSTRATE

FIELD OF THE INVENTION

The invention relates to a method for bonding a wire con-
ductor disposed on a substrate, in particular a wire conductor
laid directly on a substrate during the manufacture of a tran-
sponder unit.

BACKGROUND OF THE INVENTION

Essential elements of every transponder unit are the wire
coil attached on a substrate, such as a chip card, and the
electronic circuit which, is also attached on the chip card. The
latter is called a chip. For the most part, in modern manufac-
turing methods the wire coil is not first wound as an air-core
coil and then baked together with the substrate, but that the
wire is directly laid onto the substrate to form a wire coil, for
example, by being embedded into the plastic of the substrate
by ultrasonic welding. The German Published Patent Appli-
cation 44 10732 A1 describes the details of such a wire laying
method.

In the manufacture of such a transponder unit, bonding the
ends of the coils with the terminal areas of the chip still
creates a special problem. This is due, in particular, to the very
small dimensions of the components that are to be connected
with each other. A chip unit’s terminal areas, which mostly or
substantially are formed to have a square shape, as a rule have
a relatively small side length. Particularly in the low-fre-
quency range, a copper wire, the diameter of which for the
most part is in the range of 50 um, is usually used as the coil
wire. In view of these dimensions it becomes clear that some
care must be taken so as to really align the wire sufficiently
with the terminal areas of the chip when connecting them.

It has already been proposed that one and the same tool be
used for laying the wire onto the substrate and for bonding the
wire with the chip, compare DE 43 25 334 Al. If there is an
intention of using one and the same tool both for laying the
wire onto the substrate and connecting the wire to the terminal
areas of the chip unit in one process step, attention must not
only be paid to the tact that the wire must be guided very
precisely at said tool in order to ensure that the same position
of'the wire is very precisely allocated to one certain position
of the tool. There is, rather, the additional problem that the
means for connecting the wire with the substrate and the
additional means for connecting or welding the wire must be
integrated into the tool in a very small space indeed. This is
necessary so that the position at which the wire is to be laid
onto the substrate or connected with the chip can be set by the
controlling device or controller with sufficient precision both
during laying as well as during connecting. This integration
entails a considerable effort with regard to the tools and,
furthermore, does not allow for an optimal operating speed.
Because in such an integration it is not possible to carry out
the laying of the wire onto the substrate and the bonding of
wire with the terminal areas of the chip independently from
one another, i.e., it is not possible to proceed with laying the
wire whilst the wire is connected with the first terminal area of
the chip.

A totally different approach is proposed by EP 0 880 754
B1. In order to reduce the number of working steps, this
printed publication teaches not to pre-mount the chip or “chip
unit” onto a bonding substrate with enlarged terminal areas,
but to bond them directly. For this purpose, this approach
provides a first step within whose context the wire is first
guided over the terminal area on the chip unit and fixed on the

20

25

30

35

40

45

50

55

60

65

2

substrate relative to the terminal area of the chip unit. An
exactly defined orientation of the wire relative to the terminal
area on the chip unit is achieved with this first step. It is not
until then that the connection of the wire with the terminal
area is carried out in a second step.

In practical application, these two steps are carried out in
the following manner: the wire laying device connects the
wire with the substrate, then draws the wire over the first
terminal area of the chip unit in order to then connect the wire
with the substrate behind the terminal area of the chip unit
again, thus to lay the coil on the substrate. Once the coil has
been laid completely and the wire laying device has arrived at
the second terminal area of the chip unit, it draws the chip over
the second terminal area and, behind the second terminal
area, connects it with the substrate again for a certain dis-
tance.

This solution works actually works rather well in practical
use. It allows for the laying of the wire onto the substrate and
the connecting of the wire with the terminal areas located
immediately on the chip unit to be carried out in two different,
spatially separate work stations—the substrate with the fin-
ished wound coil and the wire drawn over the terminal areas
of'the chip unit can be taken from the first working station and
transferred to a second working station. There, the wire strung
over the terminal areas is approached by a tool and connected
by it with the terminal areas. However, problems particularly
occur in the case where the chip unit that is only loosely
inserted in the window of the card unit is displaced relative to
the card substrate for whatever reason during the further
transport.

In this context, the following should be known: It is often
expedient for the card substrate and the chip module to run
through various processing stations of a manufacturing
machine before they finally become the finished RFID card.
For example, the window is punched into the card substrate in
a first processing station. The card substrate thus processed is
then conveyed on to a second processing station. In this sta-
tion, the chip module is inserted into said window, without
being connected with the card substrate, of course. This
ensemble of card substrate and the chip module is conveyed
onto a third processing station. At this station, the wire is laid
on the substrate. Finally, the ensemble is conveyed into a
fourth processing station in which the wire is connected in an
electrically conductive manner with the bonding areas of the
chip or of the chip module provided for this purpose. Itis only
in a subsequent processing station, which in most cases is the
fifth, that the card substrate and the chip or chip module are
firmly connected with each other by laminating them with
suitable cover layers.

As long as the card substrate and the chip or chip module
are not even connected by means of the wire terminal, con-
siderable displacements in the position of the chip or chip
module relative to the card substrate may occur, because each
of the above-mentioned transport processes from one pro-
cessing station to another can lead to a displacement in posi-
tion. Displacements in position may also be caused by the
card substrate heating up more than only to an inconsiderable
extent during the laying of the wire, for heat energy is applied
to the card substrate in a considerable extent in particular
during the laying of the wire by means of ultrasonic friction
welding.

As stated above, these almost unpredictable shifts in posi-
tion may cause problems if the goal is to hit the terminal areas
of the chip or the chip unit, too, with the wire in order to
establish an electrically conductive connection.

As a consequence, the wire then is not drawn over the
terminal area concerned of the chip or chip module at all, or
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only with an insufficient degree of covering. Thus, a faulty
bonding between the wire and the terminal area of the chip or
chip module may possibly occur in the second station.

In view of all this, it is the object of the invention to provide
a laying method, wherein the laying of the wire onto the
substrate can proceed independently from the connection of
the wire with the chip module and which allows the compen-
sation particularly of such tolerances as may occur by unin-
tended relative movement between the card substrate and the
chip module.

SUMMARY OF THE INVENTION

This object is solved with the features of the charactering
portion of Claim 1. Two phases are provided according to
embodiments of the invention. In the first phase, which serves
the purpose of laying the wire onto the substrate, at least one
of the end portions of the wire conductor provided for later
bonding with the chip module is attached to the substrate
while a loop is formed. The loop thus formed is gripped in a
second phase, which serves the purpose of bonding the wire
conductor with the chip module. After gripping, the end por-
tion of the wire conductor is bonded with a bonding surface of
the chip module and permanently connected with it in an
electrically conductive manner. The portion of the wire con-
ductor lying between a free end of the wire conductor that is
created by the separation of the wire conductor from the wire
supply, and the actual coil is considered to be the end por-
tion—regardless of whether it is the beginning or the end of
the wire conductor with respect to the production sequence.
The term loop here defines a portion of the wire conductor,
which lies between two portions of the wire conductor
attached to the substrate, which, however, is not itself
attached to the substrate and is more than only insubstantially
longer than the shortest connecting line between the two
sections of wire conductor attached to the substrate. Namely
such that the loop-forming section has a clear curvature or
clear deviation from the straight line. It is thus made possible
that at least a partial portion of the loop-forming portion can
be displaced more than only insubstantially relative to the
substrate so as to subsequently bring the partial portion con-
cerned into alignment with the terminal area of the chip
module. As a rule, the loop will protrude from the substrate
surface in order to be capable of being gripped by a gripping
organ of whatever kind without that organ gliding along the
substrate surface.

As arule, the method according to the invention makes use
of'a camera- or sensor-based capture of the exact position of
the terminal areas concerned of the chip module. In this
manner, such deviations from position may be compensated,
inter alia, which result from the chip module having shifted
relative to the card substrate during transport from the wire
laying station to the bonding station.

The term chip module used in the claim preferably denotes
a chip that realizes a circuit and has been brought onto a
carrier substrate. The chip is located under a protective cover
(“glop top™) on the carrier substrate. The bonding surfaces of
the chip are connected in an electrically conductive manner
with the bonding surfaces, which in part are exposed towards
the outside, by means of thin wires that run inside of the
protective cover. The latter bonding surfaces are connected
with the wire conductor forming the coil.

Further advantages and optional embodiments become
apparent from the following description of the exemplary
embodiments of the invention.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a finished transponder unit that was produced
with a first embodiment of the method according to the inven-
tion and that has been given its characteristic shape by it.

FIGS. 2 to 4a show different stages within the first phase in
the production of the embodiment shown in FIG. 1.

FIG. 5 shows how, in the beginning of the second produc-
tion phase of the embodiment shown in FIG. 1, the grippers
are guided towards the loops.

FIG. 6 shows the grippers shown by FIG. 5 during closing.

FIG. 7 shows the grippers shown by FIGS. 5 and 6 after
conveying or positioning.

FIG. 8 to 10 show the operation of the wire connecting
head.

FIG. 11 shows a different substrate after laying and before
connecting the wire conductor

FIG. 12 shows how the grippers are guided towards the
loops in another embodiment

FIGS. 13a to e show by enlarged views or cross sectional
views of a wire connecting head, how it grips the wire con-
ductor, guides it towards the terminal area of the chip and
presses it against the terminal area in order to then connect the
wire conductor with it by ultrasonic bonding.

FIG. 14 shows a finished transponder unit produced in
accordance with a second variant of the method.

FIGS. 15 and 16 show a third variant of how the loops of the
wire conductor can be bonded with the chip module.

DETAILED DESCRIPTION

The transponder unit T shown in FIG. 1 later is a part of an
ID card or passport, after a cover layer which is not shown
here has been laminated on it. It makes possible the wireless
transmission of personal data or biometric data stored on the
chip module, among them possibly also image data with a
photograph or a fingerprint of the rightful owner of the docu-
ment.

The transponder unit T comprises of a substrate 1 which in
itself is usually manufactured from a suitable plastic. The
substrate is equipped with a miniaturized electronic circuit in
the form ofa chip module 5. This is usually done by a window
being punched into the substrate and the chip module being
inserted into the window—only loosely, at first. The actual,
really firm connection between the chip module and the sub-
strate is done at the end, when cover layers are laminated onto
the substrate and the chip module.

A wire conductor, which most of the time consists of cop-
per, is laid onto the substrate, here in the form of a partial
embedding of the wire conductor into the substrate. This
embedding is preferably carried out by means of ultrasound,
e.g. in the manner described in the German application 44 10
732 Al. As far as the disclosure of said application relates to
the laying of the wire conductor on the substrate, the contents
of the *732 application are hereby incorporated herein by
reference. Alternatively, other wire laying techniques such as
welding and/or gluing of the wire conductor to the substrate 1
can be used for carrying out the method according to the
invention.

As can best be seen from FIGS. 4 and 4a, the wire conduc-
tor (which in this Figure is not provided with its own reference
numeral) is laid on the substrate 1 so that it forms functionally
different sections, namely the actual coil 3 and the end por-
tions 4 that respectively lie between the coil 3 and the free end
7 of the wire conductor. The coil can consist of various turns.
That only three turns are shown here is solely due to the
attempt at a simple presentation. These end portions 4 can in
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turn be divided into three sub-portions—the first subportion
is formed by the outer part 8 of the end portion, which is
connected with the substrate and which, in many cases, is torn
off during the connection of the wire conductor with the
terminal areas of the chip module by the rest of the wire
conductor. The second sub-portion is formed by the approxi-
mately U-shaped loop 9 of the end portion, which, even in the
completed state (as long no cover laminate has been lami-
nated thereon), is not connected with the substrate 1, but only
with the chip 5. The third of said sub-portions is formed by the
inner part 10 of the end portion leading from the chip 5 to the
actual coil 3. Here, however, this inner part 10 of the end
portion can be omitted in other embodiments in which the
chip lies directly under the coil turns.

In a finished transponder unit as is shown in FIG. 1, the
loops have just been pulled straight—in the finished product,
the wire sections that originally formed the loops lie flat on
the substrate 1 to a large extent and span over the terminal
areas 6 of the chip module with which they are connected in
an electrically conductive manner.

The finished transponder unit T shown by FIG. 1 has been
manufactured in two phases.

In the first phase, the wire conductor was completely laid
onto the substrate 1. In the second phase, the completely laid
wire conductor is connected with the terminal areas 6 of the
chip.

The details of said first phase are illustrated by the FIGS. 2
to 4.

The prepared substrate 1 which is already combined with
the chip 5 is inserted in an exactly defined position into the
wire laying station of a production line consisting of several
subsequently arranged different processing stations.

First, the outer part 8 of the first end portion 4 of the wire
conductor is attached on the hitherto virgin substrate 1 by
means of a suitable wire laying head 11, i.e., it is at least
loosely tacked onto the substrate 1, or even finally connected
with it (FIG. 2). In the process, attention is preferably paid to
the outer part 8 being attached on the substrate in a position
relative to the chip module in which the imagined extension of
the longitudinal axis of the outer part 8 does not intersect the
corresponding terminal area 6 of the chip module 5, and also
does not go beyond it (compare the dotted line in FIG. 2).

Then the wire laying head 11, which continues to move, is
lifted off the substrate 1 and subsequently positioned against
the substrate 1 again. Thus, the wire connector forms the loop
9, which at first is approximately U-shaped, at the first end
portion of the wire conductor (FIG. 3).

In the process, during the above described “lifting-off
phase” the wire laying head is moved in such a manner for
forming the actual loop 9 (e.g., in the direction of the black
arrow drawn in FIG. 3), that the imagined extension of the
longitudinal axis of the inner part 10 of the end portion inter-
sects the corresponding terminal area 6 on the chip module or
goes beyond the terminal area 6, compare the dotted line
shown in FIGS. 3 and 4. However, the latter is not obligatory,
for a corresponding alignment can also be carried out later by
the gripper 19a concerned, which is to be explained shortly,
providing for a comparable alignment of the portion of loop 9
following the inner part 10.

Asawhole, the described method leads to the loop 9, which
at first is approximately U-shaped, being formed at the first
end portion of the wire conductor (FIG. 3), which does not yet
go beyond the terminal areas 6 but runs in an oblique direction
laterally next to the terminal areas 6. Here the loop 9 protrudes
from the surface of the substrate in an angle of about 90
degrees (+/-10 degrees). It can therefore be gripped easily
later on.
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Subsequent to said inner part 10, the wire laying head 11
lays the wire conductor on the substrate 1 in the form ofa coil
3. The way of proceeding just described for the first end
portion 4 of the wire conductor is repeated analogously at the
second end portion of the wire conductor. Thus, after comple-
tion of'the first phase, i.e. after completion of the laying of the
wire, the work piece (i.e., the unfinished transponder unit) has
the structure shown by FIG. 4.

In order to achieve the fastest possible production speed,
the work piece is now transferred from the wire laying station
to the wire connecting station, that is, it is transported further
along the production line. At the same time, the wire laying
station is again loaded with a new virgin substrate 1. Laying
and connecting the wire is thus carried out synchronously on
two successive substrates or sets of substrates.

The wire connecting station is provided with a digital
image processing system (not illustrated in the drawing). The
image processing system captures the current position of at
least the chip module 5. This can be recognized automatically
rather precisely since the chip module 5 has a simple contour
that can be easily captured by a digital image processing
system. With regard to the current position of the loops 9, in
contrast, a fraction of a millimeter is often not of importance
since the grippers 194, 195, which have to be described in
more detail shortly, carry out a relatively large opening and
closing movement, anyway, and in the process grip (“col-
lect”) the loops 9 rather reliably even if the current position of
the loop is not known with 100 percent accuracy. With the
help of this image processing system, a specially formed set
of grippers consisting of a gripper 194, hereinafter referred to
gripper HI, which has a strong clamping force, and a gripper
1956, hereinafter referred to gripper LO, which has a low
clamping force (FIG. 5), is brought close. As is apparent from
FIG. 5, the gripper HI grips a portion of the loop 9 that lies in
the portion Al between the chip module 5 and the inner part
of'the end portion 10 (that is, in the portion Al). The gripper
LO in contrast grips a section of the loop lying between the
chip module 5 and the outer part 8 of the end portion (that is,
in portion A2).

The clamping force, of the gripper LO has been selected
such that it is just low enough that, when tension in the
direction of its longitudinal direction occurs, the wire con-
ductor first begins to slip through between the clamping jaws
of'the gripper LO before it is torn off in any place. In contrast,
the clamping force of the gripper HI, as a rule, is selected such
that the two clamping jaws of the gripper hold the wire con-
ductor between each other such that no slipping through of the
wire conductor can occur, or at least no slipping through
worth mentioning.

As soon as the set of grippers 194, 195 has gripped the loop
concerned securely, the respective gripper LO, by the move-
ment in the direction of one or both of the arrows W,, W, (and
possibly also in the vertical direction), is moved into a posi-
tion in which the wire conductor formerly forming the loop 9
has been pulled straight, and in which it lies over the terminal
area 6 of the chip module intended for it, when seen along the
vertical direction. In order to accomplish this, the respective
gripper HI is also moved, if necessary, in particular in the
direction of the arrow W .

The result of this additional process step looks as shown by
FIGS. 7 and 8.

Two effects can be used for the “pulling straight” of loop 9
that was already mentioned. If one compares FIGS. 6 and 7,
it can be recognized that a tensile stress occurs rather soon
between the outer part 8 of the end portion fastened onto the
substrate 1 and the section of the loop 9 located between the
outer part 8 and the gripper LO, as soon as the gripper LO
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moves in the direction of the arrow W, and/or in the vertical
direction. This tensile stress leads to a part of the section of the
loop 9, which is at first located between the grippers HI and
LO, being pulled through the two clamping jaws of the grip-
per LO towards the outside, whereby the loop 9 is pulled
straight. Here, the clamping jaws of the gripper LO are pref-
erably profiled such that the wire conductor can only be
pulled out in a certain defined direction towards the outside,
preferably in the horizontal direction. As soon as the section
of the loop 9 which is the last to be located between the
grippers is pulled taut, the stress of the section of loop that is
located between the outer part 8 and the gripper LO becomes
so great that the wire conductor tears off in this section.

Secondarily, or superposed on this, the grippers Hl and LO
can additionally also be driven apart in the direction of the
arrow W_ in order to pull straight the section of the loop
located between them.

Here, another sensible option is to provide a sharp tearing
edge or corner on the corner of the clamping jaw ofthe gripper
LO over which the wire conductor is guided, which specifi-
cally causes the wire conductor to tear off as soon as the wire
conductor is pulled taut over this tearing edge or corner (not
especially shown in the drawing).

As soon as the wire conductor is positioned over the ter-
minal area 6 of the chip module 5 allocated to it, in the way
illustrated in FIG. 8, the wire connecting head 12 is brought
close. It grips the wire conductor, carries it along further in the
direction of the terminal area 6, if necessary (which is pos-
sible without provoking the wire conductor to tear off in
particular because a piece of wire conductor can be drawn
through the clamping jaws of the gripper LO), an finally
presses it against it. The wire conductor is now connected in
an electrically conducting manner with the terminal area 6 of
the chip module, usually bonding, but possibly also by weld-
ing, in particular ultrasonic friction welding, soldering or the
like.

The grippers now let go of the wire conductor and are
retracted, as is the wire connecting head 12. The chip cards
which are now finished at this station are conveyed onward,
new chip cards follow. The cycle can begin anew.

The process step for connecting the wire conductor with
the terminal areas of the chip module described up to here has
proved itself to be the most favourable. However, other meth-
ods are conceivable for connecting the wire conductor, which
at first protrudes from the substrate 1 in the form of a loop 9,
with the terminal area 6 concerned of the chip module 5.

Such an alternative method, for example, starts with a
substrate on which the wire conductor has been laid before in
the manner illustrated by FIG. 11—instead, however, one
could also conceive of a substrate on which the wire conduc-
tor is laid as shown in FIG. 4 or 4a.

Once again, the wire connecting station is equipped with a
digital image processing system (not shown in the drawing).
This works as was already described above. A specially
formed wire connecting head 12 or another tool for connect-
ing the wire conductor with the chip module is brought close
to every loop 9 with the help of this image processing system
(FIG. 12). Bonding is most preferably used.

The FIGS. 134 to e illustrate how a suitable wire connect-
ing head 12 may look and work. The wire connecting head 12
shown by FIGS. 13qa to d as an example is designed as an
ultrasonic bonding head. In a comparable form, however, it
may also be used for gripping and pressing-against-the-ter-
minal-area of the wire conductor, where it is then welded or
glued by means of an additional device instead of ultrasonic
bonding.
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The wire connecting head 12 has a section 13 that, here, is
designed like a block (compare also FIG. 12), which works as
a wire gripper. To this end, the block-like section 13 is pro-
vided with a centring notch 14, which, here, has the design of
a downwardly open V. The oblique surfaces of the centring
notch 14 are tooled very smoothly, so that the wire conductor
of the loop 9 glides on the oblique surfaces almost without
friction. An air intake leads into the bottom of the centring
notch 14, here in the form of several intake bores 15 lying one
behind the other. They generate a perceptible suction directed
into the centring notch. 14, as illustrated in FIG. 13a by a
number of thin arrows. Since the work piece has been trans-
ferred rather precisely from the wire laying station to the wire
connecting station and deposited there, the position of the
loops 9 is known for the most part, even if not to Yoo mm.
Therefore, possibly with the help of a digital image process-
ing system, it is not a problem to guide the wire connecting
head 12, in a well aimed manner, so close to the loop 9
allocated to it that the centring notch 14 comes so close to the
loop 9 that the suction captures the appropriate section of the
loop 9 and draws the wire conductor into the notch base of the
centring notch 14 in the manner illustrated in FIG. 65. The
wire conductor now runs along the notch base, i.e. the loop 9
is now held gripped by the wire connecting head in the
approximate manner illustrated by FIG. 13.

Since the wire conductor sucked into the centring notch 14
assumes a precisely defined position in relation to the wire
connecting head 12, the wire connecting head is now brought
exactly over the terminal area 6 of the chip so that the loop 9
is folded over to the side and the wire conductor located in the
centring notch stands exactly above the terminal area 6 of the
chip 5. Since the centring notch 14 is substantially bigger or
deeper than the wire diameter in this embodiment, the wire
conductor is now pressed downwards for the last part, against
the terminal area 6, by the plunger 16 (through which suction
is produced here at the same time, which, however, is not
necessarily the case) which is guided to be vertically movable
in the wire connecting head 12. Now, ultrasound is applied to
the plunger whereby the wire conductor is welded to the
terminal area 6.

Inthis way, for example, a finished transponder unit as FI1G.
14 shows it is created from the work piece shown by FIG. 11.

One advantage of the method according to embodiments of
the invention becomes visible in light of what is described
above (for all variants)—practically, it does not matter what
the location or position tolerances are that the chip module is
subject to relative to the card substrate 1 it is received by.
Because the accuracy with which the wire connecting head 12
aligns the wire conductor of the loop 9 with the terminal area
6 is almost independent from the position in which the chip
module 5 came to lie relative to the card substrate 1 in the
processing station concerned. Because such tolerances are
compensated by the free areas of the loop not attached to the
substrate, which in a large range make a free movement of that
area of the wire conductor possible that in the end is aligned
with the terminal area.

A third exemplary embodiment of the method according to
the invention is shown in FIGS. 15 and 16. This substantially
corresponds to the exemplary embodiments already
described, so that what is described in this respect also applies
to this third embodiment—if nothing else is described below.

In this third embodiment, two wire guiding pins 17 are used
instead of the grippers 19a, 195 described above in connec-
tion with the other embodiments, or the wire connecting
heads, which are designed also for gripping the wire. They are
driven more or less parallel to the substrate surface towards
the interior (FIG. 15). On their way, the wire guiding pins 17
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inevitably capture the two loops 9, and lay them over in the
direction of the terminal areas 6, as FIG. 14 shows schemati-
cally.

In the process, the wire guiding pins 17 are driven into the
interior exactly to the extent that they draw a part of the wire
conductor forming the loop 9 exactly above the associated
terminal area 6 of the chip 5. It must be ensured that the wire
conductor is drawn taut to a sufficient degree, but not ripped
off. Preferably, this is achieved by the wire conductor forming
the outer part 8 of the end portion 4 not having been laid in a
fixed manner on the substrate 1. Instead, it was only tacked to
the substrate, namely so loosely, that this outer part 8 of the
wire conductor is pulled off or stripped off the substrate for a
bit, while the part of the wire conductor forming the loop 9 is
drawn in the above described manner over the terminal area 6
of'the chip 5 by the wire guiding pin concerned, compare FIG.
16——reference numeral 18 there denotes the distance by
which the outer part 8 of the wire conductor was stripped off
the substrate again.

As an alternative to said re-stripping of the wire conductor,
it is possible to firmly connect the wire conductor to the
substrate everywhere, and to manufacture the position and
length of the loops 9 to be so exact when laying the wire that
the wire correctly lies on the terminal areas by itself, and is not
drawn to taut, when the wire guiding pins are driven into the
interior by a certain firmly set distance.

In any case, finally a wire conducting head not drawn in
FIG. 16 is advanced from above, which intimately presses the
wire conductor, which has come to lie on or with a certain
distance above the respective terminal area 6 of the chip 5,
against the terminal area 6 of the chip and connects it thereto
in an electrically conductive manner, e.g., by means of the
above-described ultrasonic bonding or alternatively by other
welding or gluing techniques.

It applies to all embodiments that the processing steps
described can of course be carried out in practice not only on
a single substrate—rather, each of the processing stations
consists of 8 to 20 handling systems working in parallel, each
of which process a substrate synchronously.

Of course, not only transponder units for ID cards and
passports can be manufactured with the method according to
the invention, but also transponder units for almost any other
purpose, such as access control cards, retail security systems,
material flow control systems, etc.

LIST OF REFERENCE NUMERALS

1 Substrate

2 Wire conductor

3 Coil

4 End portion of the wire conductor

5 Chip module

6 Terminal areas of the chip

7 Free end of the wire conductor

8 Outer part of the end portion 4

9 Loop of the end portion 4

10 Inner part of the end portion 4

11 Wire laying head

12 Wire connecting head

13 block-like section functioning as wire gripper

14 Centering notch of the wire gripper

15 Intake bores

16 Ultrasound pressing rod

17 Wire guiding pin

18 Track which the wire conductor, which was tacked onto
the substrate only loosely and was later stripped off the
substrate, has left on the substrate
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19a Gripper with high clamping force (gripper HI)
195 Gripper with low clamping force (gripper LO)
Al Portion Al

A2 Portion A2

T Transponder unit

What is claimed is:

1. A method for bonding a wire conductor arranged on a
substrate during the manufacture of a transponder unit having
a wire coil and a chip module, comprising: in a first phase,
permanently joining the coil with the substrate; and in a
second phase, bonding the wire conductor to the chip module,
wherein in the first phase at least one ofthe end portions of the
wire conductor intended for later bonding with the chip mod-
ule is attached to the substrate with a free loop being formed,
and that the loop thus formed is gripped in a second phase and
a section of the loop is then bonded with a terminal area of the
chip module and attached to the terminal area in an electri-
cally conductive manner and wherein in the second phase the
loop is gripped by two grippers that take up a section of the
loop between them and that are moved in such a manner,
relative to the chip module and relative to each other, that said
section of the loop finally at least substantially forms a
straight line that covers a terminal area of a chip module.

2. The method according to claim 1, wherein the loop
protrudes in such a way from the substrate that the loop can be
gripped without the two grippers touching the substrate and
the loop protrudes such that the plane in which the loop lies
includes an angle of between 25 and 90 degrees with the
substrate surface.

3. The method according to claim 1, wherein the loop is
formed such in the first phase that the loop lies next to the chip
module.

4. The method according to claim 3, wherein the loop is
formed in a first phase such that the loop is followed by a
section of wire conductor which is laid onto the substrate
aligned in such a way that the imagined extension of said
section of the wire conductor covers a terminal area of the
chip module.

5. The method according to claim 1, wherein at least one of
the two grippers applies a clamping force to the wire conduc-
tor; and wherein the clamping force is at least temporarily
limited, namely in such a way that the wire conductor is
pulled through said grippers in a gliding manner as soon as the
wire conductor is subjected to tensile stress.

6. The method according to claim 5, wherein, subsequent
to the gripping of the loop, the loop is pulled in such a way so
that an end portion of the loop detaches from the substrate or
tears open the loop and the end portion of the wire conductor
exists as a free end.

7. The method according to claim 6, wherein the at least
one gripper whose clamping force is limited is the gripper
closest to the free end of the wire conductor.

8. The method according to claim 1, wherein the loop is
dimensioned such that the loop can be tilted or folded onto the
chip module in the direction of the substrate surface and hits
the terminal area of the chip module allocated to the loop.

9. The method according to claim 1, wherein the method is
carried out by two grippers which in the second phase grip a
section of the loop, guide the gripped section to a terminal
area of the chip module and then align the loop with the
terminal area of the chip module.

10. The method according to claim 1, wherein at least one
of the two grippers is a suction gripper adapted to suck the
wire conductor of the loop into a centering device, which
forces the wire conductor into a defined position, a location of
which relative to the allocated terminal area of the chip mod-
ule is known.
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11. The method according to claim 10, wherein the at least
one of the two grippers is provided with a pressure organ that
is separately movable in relation to the at least one of the two
grippers which presses the wire conductor out of a defined
position at the at least one of the two grippers against the
terminal area as soon as the at least one of the two grippers has
positioned the wire conductor above the terminal area.

12. The method according to claim 11, wherein the pres-
sure organ is coupled to an ultrasonic source for the purpose
of ultrasonic friction welding.

13. The method according to claim 1, wherein the end
portion of the wire conductor is drawn over the terminal area
so that the wire conductor traverses the terminal area and is
only then connected to the terminal area in an electrically
conductive manner.

14. The method according to claim 1, wherein the first
phase is carried out in a first processing station and the second
phase in a second processing station which is spatially sepa-
rated from the first processing station.
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